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ARTICLE INFO ABSTRACT

Keywords: As a consequence of the COVID-19 pandemic, different measures have been implemented by governments from
Coronavirus each affected country. Such measures usually involve restrictions on the movement of citizens, and have had a
COVI]?-19 profound effect on usual activities and timetables. As a result of school closures and strict restrictions regarding
Iggj:g:;lem going outside home, children have been one of the most disadvantaged population groups during the lockdown
Virus period. We therefore aimed to investigate potential health risk behaviors amongst isolated pre-school and school-

aged children. We retrieved relevant articles from MEDLINE, Web of Science, PsycInfo, and Scopus databases to
describe identified health-related behaviors (i.e. screen exposure, environmental influence, physical activity and
fitness, sedentariness, sleep patterns, eating habits, psychological response, body composition, and injuries) in
relation to social isolation and social deprivation of children without previous illness or conditions. This review
depicts the potential health-related behaviors according to related literature, and put the focus on future short
and long-term sequels of social isolation. Socio-affective complications and insufficient physical activity are
underscored as two of the main concerns, particularly among socio-economic deprived children. Both issues
could be effectively addressed with either adequate parental or community guidance.

1. Introduction

The pandemic of COVID-19 has rapidly spread worldwide since the
first case was detected in Wuhan, China. Since then, more than two
million diagnosed cases from more than two hundred countries have
been documented, at the time of writing (World Health Organization,
2020). To date, there is no COVID-19 specific antiviral treatment rec-
ommended, no vaccine is available to prevent future infections, and
prevention has been underscored to be the most effective measure to
combat the spread of new contagions (Di Gennaro et al., 2020).
Particularly elderly men and people exhibiting health risk behaviors or
previous medical conditions (i.e. smoking history and underlying con-
ditions such as chronic obstructive pulmonary disease, cardiovascular
disease, cancer, hypertension and diabetes) have been observed to be
the populations with higher risk of developing severe disease, need of

medicalized intensive care, and mortality (Di Lorenzo and Di Trolio,
2020; Wang et al., 2020b). On the other hand, children do not seem to
account for a large proportion of COVID-19 disease (i.e. 2% and 1.2% of
the confirmed cases in respectively China and Italy), although a few
severe cases and fatalities have been documented (Ong et al., 2020). The
fact that most of the COVID-19 infected children were either asymp-
tomatic or had mild to moderate disease (94.1%) put the focus of pre-
venting spread of the disease on them in countries such as Italy and
Spain, which were two of the first European countries to enact measures
related to closuring schools (Ong et al., 2020). The rationale behind such
decision could have been influenced by the higher percentages of chil-
dren sharing households with elderly relatives in these countries (Lor-
enzo and Trolio, 2020), although this measure has been estimated to
prevent substantially less deaths than other social distancing in-
terventions (Viner et al., 2020). Furthermore, free-circulation of
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children outside households have been partially or totally restricted in
several countries, with up to six or more weeks in a row holding this
enacted measures (Spanish Government, 2020), although there is no
certainty about potential collateral effects regarding this issue. Wang
et al. (2020a) have raised the question about how COVID-19 lockdown
might be affecting children, and they have suggested that both potential
mental and physical health problems could be mitigated with higher
parental and community involvement, whereas research on this issue is
urgently required; many children, particularly those from lower socio-
economic backgrounds, might have been temporarily deprived of
institutional educational environments, social contact with peers and,
possibly, adequate cognitive, affective and physical stimuli for their age.

2. Methods

To inform this narrative review, we conducted a study search
through four databases (MEDLINE, Web of Science, PsycInfo, and Sco-
pus) using PRISMA procedures. The following search terms were used:
confinement, isolation, solitude, children and truncated “psych” and
“phys”. A more refined search of the literature comprised the following
inclusion criteria: i) observational and review studies, ii) written in
English language, iii) involving human subjects, iv) individuals aged 3 to
12years, v) study population exposed to any type of either social
isolation or deprivation, and vi) studies aiming to examine the influence
of either social isolation or deprivation (i.e. from peers, relatives or both
of them) over any type of health-related behaviors. Because there was no
repetitive pattern regarding time or nature of the social isolation expo-
sition in the examined studies, we adopted a conservative approach and
considered social isolation and social deprivation as a situation in which
children were separated from either peers, relatives or both of them
during either a limited or unlimited period of time regardless the cause.
Manually searched references derived from the articles consulted were
also added to this search result. Given the lack of studies regarding
isolated children, inclusion was broad and hinged on relevance of con-
tent and quality of evidence. Also, despite the scarce evidence for several
health-related habits such as physical activity, eating habits, sleep pat-
terns, or screen exposure in either socially isolated or socially deprived
children, it was hypothesized that those will worsen during the
confinement, which has been suggested in a novel study (Lopez-Bueno
et al., 2020). Therefore, information from relevant studies related to
these health-related habits was also included in the present narrative
review. On the other hand, the following exclusion criterion was used: i)
articles involving population experiencing any previous condition or
disease. Overall, evidence from more than 70 articles identified was
classified by different health-related behaviors (i.e. screen exposure,
sleep patterns, physical activity, physical fitness and sedentary behav-
iors, eating habits, psychological responses, body composition, envi-
ronmental issues, and injuries) and used for the purpose of this study.
There was a complete agreement among all authors upon which articles
to include.

The present review aims to summarize the literature regarding
health-related behaviors in isolated children without previous condi-
tions with the objective to apply it to the current COVID-19 pandemic.

3. Health-related outcomes in isolated children

Social isolation during childhood has been independently linked to
different conditions; connectedness has been observed to be a critical
factor to increase the risk of post-traumatic stress disorders in a post-
disaster context (McDermott et al., 2012). Being a socially isolated
children was identified as an independent risk factor (i.e. apart from
other well-stablished cardiovascular disease risk factors) for cardiovas-
cular disease (i.e. elevated blood pressure, elevated total cholesterol
level, overweight, low high-density lipoprotein level, low maximum
oxygen consumption, and elevated glycated haemoglobin concentra-
tion) compared with non-isolated children even twenty years later; such
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childhood social isolation has been associated with higher inflammation
(i.e. higher levels of C-reactive protein) which was partially due to
subsequent lower education, less advantaged social class in adulthood,
adult stress, and the tendency to obesity and to smoke (Caspi et al.,
2006; Lacey et al., 2014). Early social deprivation has been linked to
higher cellular aging (i.e. shorter telomere length) (Drury et al., 2012),
and has profound effects over social cognition, and emotional devel-
opment (Bick et al., 2017; Young et al., 2017). Further, early social
deprivation had a negative effect on motor development, which was
observed to be mediated by intelligence quotient, and could not be
compensated with additional institutional measures (Levin et al., 2014).
The main health areas identified through literature search in isolated
pre-school and school-aged children are summarised in Table 1.

4. Screen exposure

With the increase of time at home, TV viewing and use of PC, tablets
and mobile phones is likely to increase; in fact, a recent study found that
screen exposure increased by 4 h/day among children and adolescents
during COVID-19 Lockdown in Italy (Pietrobelli et al., 2020). Because
workers from many countries have been ordered to telework at home
during the COVID-19 lockdown, the use of electronic devices may be
seen as a useful tool to occupy children while parents work. In addition,
ordinary school attendance has been widely substituted by digital
homework or digital classes in many countries. Such screen-based be-
haviors (i.e. television viewing, computer use, and playing electronic
games) have been linked to increased cardiovascular disease risk factors
among children, although different effects have been detected among
them (Robinson et al., 2015). For instance, online gaming and streaming
activity have increased during the COVID-19 lockdown in different
countries (King et al., 2020). This association seems to be mediated by
adiposity, which might be favoured for both more snacks consumption
and diet changes (Berentzen et al., 2014; Tsujiguchi et al., 2018). Several
studies have suggested that children screen exposure is related to family
behaviors regarding this issue, although this habit could be reduced with
physical changes in the home environment and compensated with more
physically active contents (De Decker et al., 2012; Faulkner et al., 2018;
Niermann et al., 2018; Simons et al., 2015). Moreover, there is still a
chance that high screen exposure increases depression among children
(Kremer et al., 2014). Contrarily to expected, children from lower in-
come households usually have easier access to TV, DVD and video games
and less access to play equipment (i.e. jump ropes or bicycles) than their
higher income counterparts (Tandon et al., 2014). There is mixed evi-
dence on how such screen exposure might affect children’s odds to
develop myopia (Lanca and Saw, 2020).

5. Sleep patterns

Due to the fact that children are experiencing a change in their usual
daily habits, it would be expected to find different sleep patterns;
however, there is either moderate or insufficient evidence that daily
habits such as higher screen time or fixed timetable substantially in-
fluence sleep, though higher physical activity and outdoor play have
been directly associated with longer sleep in pre-schoolers (Belmon
et al., 2019; Janssen et al., 2020). Overall, modifiable sleep patterns are
per se normal among children between 3 and 7 years of age (Taylor

Table 1
Health-related areas identified in isolated pre-school and school-aged children.

Screen exposure

Physical activity, physical fitness and sedentary behaviors
Eating habits

Psychological responses

Body composition

Environmental issues

Injuries
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et al., 2015). Particularly, longer sleep duration, which has been asso-
ciated with lower body mass index, higher diet quality and higher levels
of physical activity (Khan et al., 2015). Furthermore, sleep time
increased by 0.65 h/day among children and adolescents during COVID-
19 lockdown in Italy (Pietrobelli et al., 2020). This association between
physical activity and sleep patterns has been observed to be bidirec-
tional; thus, maintaining usual daily habits regarding physical activity
and other usual activities might be useful in order to stimulate enough
sleep time in younger children (Avila—garcia et al., 2020; Sori¢ et al.,
2015).

6. Physical activity, physical fitness and sedentary behaviors

The link between social isolation and lower physical activity levels
and physical fitness in children was identified decades ago (Andersen
et al., 1980), whereas the COVID-19 lockdown has now been observed to
reduce by 2.30 h/week the exercise time among children and adoles-
cents (Pietrobelli et al., 2020). High levels of moderate to vigorous
physical activity and low levels of sedentary behavior are critical to
achieve higher motor competence and higher health-related quality of
life, with differences attributed to gender, socioeconomic status, sport
club participation, and living areas for the second case (Adank et al.,
2018; Wagner et al., 2014). Either physical activity or sports competi-
tions have been observed to be associated with lower higher blood
pressure, although that link was dependent of body mass index and
cardiorespiratory fitness (Gaya et al., 2011). Besides, physical activity is
generally a positive predictor of bone mineral density (Cardadeiro et al.,
2014). Because many COVID-19 affected countries have closured ordi-
nary school classes, effective physical activity might not be sufficiently
applied to children outside school; school and physical education lessons
usually make the difference and provide both adequate environments
and support to encourage children to be physically active (Grao-Cruces
et al., 2019; Gu et al., 2018; Hesketh et al., 2015; Eather et al., 2013;
Wilkie et al., 2018). There might be a possibility that children will be
able to intuitively compensate for higher sedentary behaviors with more
physical activity at home, but the current evidence remains inconclu-
sive, and it may further depend on the setting characteristics (Ridgers
et al., 2018; Ridgers et al., 2014). Similarly, primary students might be
more prone to elaborate strategies to be more physically active outside
the school than their secondary counterparts (De Meester et al., 2014).
Additionally, those with higher motor competence might be less affected
by the COVID-19 lockdown, since they have usually exhibited higher
physically active behaviors during the week (Foweather et al., 2015). A
review by Xu et al. (Brouwer et al., 2018; Xu et al., 2015) found family
roles to play an important role in promoting children physical activity,
thus it might be a critical point to address when implementing health
strategies aimed at them, particularly during this lockdown period.
Besides, healthy lifestyle habits such as active commuting to schools (i.e
walking or cycling), which has been linked to increasing both overall
physical activity and physical fitness, and reducing sedentary behaviour
(Aires et al., 2011; Aparicio-Ugarriza et al., 2020), have been partially or
totally restricted due to COVID-19 governmental measures (i.e. mea-
sures vary depending on the country, although those most affected by
COVID-19 have closured schools during, at least, several weeks, with
some countries also restricting the ability to leave the home). Whether
there is a link between higher levels of physical activity and an
improvement of the immune function in children needs to be further
investigated (Timmons, 2007).

7. Eating habits

Apparently, staying at home could improve eating habits since
children and their families might consume less fast-food, which has been
linked to higher risk for unhealthy dietary nutrient intake, obesity and
coronary heart disease in children aged 9 to 10 years (Donin et al.,
2018). In contrast, a recent study found that potato chip, red meat, and
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sugary drink intakes increased during the lockdown among obese chil-
dren and adolescents in Italy (Pietrobelli et al., 2020). Furthermore,
another recent study reviewing potential effect of Covid-19 quarantine
over cardiovascular health suggested the lack of emotional support from
both friends and relatives as a possible predictor for stress-driven eating
and drinking behaviors which usually lead to poor eating habits (Mat-
tioli et al., 2020). When reduced, food away from home consumption
has been associated with lower body mass index and less body fat per-
centage, although this association is probably mediated by changes in
diet quality (i.e. more fibre and less added sugars, and added fats).
Although there are differences regarding eating habits and socioeco-
nomic family status (i.e. families with higher socioeconomic status
usually have healthier eating habits), knowledge and self-regulating
behaviors still play an important role in this relationship (Pereira
et al., 2019). The fact that food is usually eaten at convenience during
COVID-19 lockdown may not importantly affect body mass index, since
higher double breakfast eaters at school had more odds to exhibit a
healthy weight (Wang et al., 2017). As suggested by Vissers et al. (2012)
there seems to be no evidence between diet, physical activity, and
sedentary behaviors in 9 to 10 year old children.

8. Psychological response

Early social isolation during primary school solely may not predict
mental health problems later (Matthews et al., 2015). Concerning
cognitive development, social isolated school children from farms were
observed to perform worse in role-taking than rural children, but no
differences were detected in logical operations (Cowan, 2016). Bi-
directional associations between exclusion from school and mental
health were identified among British children, although socioeconomic
issues might mediate this relationship (Ford et al., 2018). Besides, psy-
chosocial deprivation in children associates with higher levels of socio-
emotional behavior problems later (McDermott et al., 2013). Since
friends moderate young children’s prospective associations between
social isolation and adjustment problems, a controlled use of technology
with these friend-connectivity purposes might be useful in this partic-
ular COVID-19 context of lockdown (Laursen et al., 2007; Williams
et al., 2000). Particularly, School routines are important coping mech-
anisms for young people with mental health issues; a survey conducted
by the mental health charity YoungMinds in participants up to age
25 years with mental illness history in the UK found that 83% of the
sample worsened their condition during the pandemic and that 26%
were unable to access mental health support (Guan et al., 2020).

9. Body composition

Individual, family and environmental factors have been traditionally
linked to pediatric obesity (Sanchez-Cruz et al., 2014). A study by Nevill
et al. (2016) found strong associations between weight status (i.e. waist
circumference and body mass index) and social deprivation in children.
Further, less perception of social isolation was associated to less over-
weight in children (de Assis et al., 2018). The possible decrease of
physical activity levels, as well as an increase of sedentary behavior
could contribute to increase children’s fat percentage during COVID-19
lockdown (Collings et al., 2016; Meredith-Jones et al., 2018). Such
adiposity increments are usually related to decrements in cardiorespi-
ratory fitness levels and increments in blood pressure and C-reactive
protein in children among both normal-weight and obese (Hayes et al.,
2013; Tsiros et al., 2016).

10. Environmental issues

Housing and household occupancy conditions also deserve a closer
look since they are related to health basic elements such as accessibility
to community facilities and elementary needs, and could influence
health risk behaviors (Lawrence, 2006). Neighborhood conditions affect
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children’s development and independently account for a substantial part
in the explanation of both emotional and behavioral problems (Caspi
et al,, 2000). Because important declines in vitamin D have been
observed during months with less natural light and less nature light
exposure in children from Northern latitudes, similar vitamin D declines
might also occur among countries with stronger enacted measures
concerning COVID-19 lockdown, although it could be mitigated through
frequent intake of vitamin D supplements (Petersen et al., 2016). Out-
door play has been also underscored as a critical point in relation to
increase physical activity, decrease sedentary behavior and improve
weight status (i.e. lower weight), reinforced by the fact that rainy days
associate with less overall physical activity in children (Larouche et al.,
2016; Rahman et al., 2019; Stone and Faulkner, 2014). Further, envi-
ronmental features of parks and presence of active peers have been
associated with higher levels of physical activity in children (Floyd et al.,
2011). Since children have been partially or completely deprived of
those outdoor stimuli in many countries affected by the COVID-19
pandemic, homes can play an important role to provide the adequate
environment to circumvent this situation. However, interaction with
other children in institutionalized environments has been observed to
provide higher levels of physical activity than nature-based orienteering
activities; thus it might be possible that initial de-escalating COVID-19
lockdown measures based on going outside with proximity-to-others
restrictions do not provide substantial increases regarding physical ac-
tivity.(Barton et al., 2015) A case in point is the study review by Mait-
land et al. (2013), in which TV watching limitations and the existence of
physical activity equipment were observed to mainly associate with less
sedentary behavior and more physical activity among children. House-
hold initiatives can also promote a healthy diet (i.e. vegetables con-
sumption), making availability and accessibility to this food easier to
children (Kristiansen et al., 2017). Besides, promoting motor skill
development through home-based activities can lead to higher motor
competence and support higher engagement in physical activity in pre-
school aged children (Adamo et al., 2016).

11. Injuries

Although pediatric fractures are a common phenomenon, social
deprivation in children has been observed to increase the odds of
suffering a fracture as a result of a fall, blunt trauma, or a road traffic
accident (Ramaesh et al., 2015). Due to a probably drop of physical
activity levels in countries with more restrictive lockdown measures
regarding COVID-19, risk of fractures might increase among children
populations (Alshamrani et al., 2019). Particularly, accidents such as
burns and scalds or high falls have been pointed out to be the most
prevalent among social deprived British children (Silversides et al.,
2005). Long-term physical consequences might not be expected since
adverse childhood experiences have not been associated with muscu-
loskeletal injuries years later (Ottenhoff et al., 2019). Similarly, social
deprivation has been also observed to associate with self-harm in both
children and adolescents (Ayton et al., 2003).

12. Perspectives

Because this is an unprecedented situation, there is no prior study
regarding how a strict lockdown might affect health risk behaviors in
healthy children. We assumed that similar situations of isolation in
healthy children can provide valuable information about this topic.
After reviewing more than 70 studies, we hypothesize both future socio-
affective complications (i.e. hampered social interaction and lower so-
cial skills) and physical difficulties derived from insufficient physical
activity (i.e. lower motor competence and injuries) regardless gender,
although it could widely vary depending on each specific individual
situation and the country enacted measures in relation to COVID-19. For
instance, those countries with longer lockdowns and stricter restrictions
could present children with higher health risk behaviors and subsequent
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derived sequels (Wang et al., 2020a); thus those countries might need to
promote specific health strategies aimed at this population so that the
mentioned deficits could be compensated and the regular timetables
recovered; this would include a closer look on how educational in-
stitutions are dealing with these situations and make the learning pro-
cess more efficient without promoting too much exposure to screen (e.g.
massive online classes and mobile applications), which has been asso-
ciated to less physical activity, higher adiposity and worse global
cognition (Berentzen et al., 2014; Venetsanou et al., 2019; Walsh et al.,
2018). Fig. 1 summarises potential health-related consequences of
COVID-19 lockdown in children, which could be exacerbated with the
course of time, whereas Fig. 2 illustrates a loop diagram highlighting the
main associations among the identified health-related components ac-
cording to the literature search. Only with the end of this pandemic, we
will be able to estimate the real impact of this novel situation among
children and to prevent potential health damage in similar situations to
come. For that to happen, longitudinal research in collaboration with
both families and schools should be further required and both commu-
nity and family-friendly policies revised. As observed in prior research,
both family support and adequate access to community facilities are
warranted since it could contribute to mitigate the potential worsen of
health-related behaviors (Lawrence, 2006; Xu et al., 2015).

13. Strengths and limitations

The main strength of our study is the search process carried out
through four large databases. However, interpretations of the findings of
this study should be made in the light of several limitations. First, the
settings where most of the revised studies took place are substantially
different among them as well as from the unprecedented Covid-19
pandemic we are living. This fact hampers generalizations or compari-
sons of the current situation with that from the examined research.
Second, the review of the research was conducted using the available
evidence to date thus it is quite likely that further studies will be pub-
lished showing a better picture of the current situation; a case in point of
a preliminary attempt is a recent study involving Spanish children
whose health-related habits (i.e. physical activity, eating habits, and
screen exposure) worsened during the Spanish Covid-19 strict confine-
ment phase (Lopez-Bueno et al., 2020).

14. Conclusions

This study provides an insight into the potential health-related be-
haviors regarding children locked down due to COVID-19 pandemic. As
a consequence of isolation, lack of both socio-affective and physical
activity stimuli emerge as two of the main concerns, particularly in
socio-economic deprived children, although both issues could be miti-
gated with either adequate parental or community guidance or support.
The maintenance of a regular timetable and the referral parents
following healthy habits have been remarked as effective strategies to
minimize potential health damage in isolated children.
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Fig. 1. Potential health-related consequences of COVID-19 lockdown in children.
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